Introduction
In recent studies, we demonstrated that hyperosmotic stress to Madin-Darby canine kidney (MDCK) cells increases ceramide content, and the mRNA levels of ceramide galactosyltransferase (GalT, EC 2.4.1.47) and cerebroside sulfotransferase (GST, EC 2.8.2.11) in sphingoglycolipid synthesis are upregulated (Niimura and Nagai 2008) . This up-regulation resulted in accumulation of galactosylceramide (GalCer) and sulfoglycolipid SM4s (GalCer I 3 -sulfate) that were specific for mammalian kidney. Ceramide has an important role as a starting precursor in sphingoglycolipid metabolism, and it also plays a role in cell apoptosis (Obeid et al. 1993 ) and other cellular events (Yang et al. 2004) . Changes in ceramide metabolism are also critically involved in human diseases, such as neurological disorders, cancer, infectious diseases and Wilson's disease (Schenck et al. 2007) . Neutral sphingomyelinase plays a critical role in stress responses including apoptosis (Sawai and Hannun 1999) . The accumulation of ceramide in response to heat shock stress has been shown in HL-60 (Kondo, Matsuda, Kitano, et al. 2000; and NIH WT-3T3 cells (Chang et al. 1995) and is dependent on the activities of both serine palmitoyltransferase and ceramide synthase (Jenkins et al. 2002) . Ceramide glycosylation is involved in the regulation of ceramide content in B16 melanoma cells (Komori et al. 1999) , and glucosylceramide (GlcCer) synthesis protects against ceramide-induced stress in keratinocytes (Uchida et al. 2002) . We speculated that accumulation of ceramide under heat stress activates the synthesis of monohexosylceramides (GalCer and/or GlcCer), as shown in osmotic stress (Niimura and Nagai 2008) , to reduce the ceramide level for cell survival. Many heat shock proteins (HSPs) produced under heat stress function as chaperones, acting in the transport, assembly and proper folding of proteins that affect cell survival (Georgopoulos and Welch 1993; Mosser et al. 1997; Mayer and Bukau 2005) . In MDCK monolayer culture, heat stress alters epithelial permeability, and cellular thermotolerance is associated with the synthesis of the inducible form of 70 kDa HSP (Moseley et al. 1994; Dokladny et al. 2006) . GST activity in seminiferous tubules, which plays an important role in sperm formation, decreases in a temperaturedependent manner (Nagai et al. 2010) . The effects of heat stress on sphingoglycolipid metabolism including sulfoglycolipids have never been studied in kidney cells. In this study, the effects of heat stress on ceramide, monohexosylceramides, more complex glycolipids, sulfolipids and gangliosides were investigated in kidney cells. Furthermore, we examined the changes in glycolipid metabolism following HSP70 gene transfection in kidney cells. The effect of HSP70 on ceramide glucosyltransferase (GluT) gene activation is also discussed.
Results

Effects of heat stress on ceramide metabolism
Ceramide, a starting precursor of sphingoglycolipid metabolism, is known to increase in some cell lines when normal culture temperature of 37°C is raised (Chang et al. 1995; Kondo, Matsuda, Kitano, et al. 2000; . We first investigated ceramide metabolism in the MDCK kidney cell line under heat stress. The ceramide content in this cell line cultured at 40°C increased to 139% at 7 h and 187% at 24 h (Table I) . Ceramide is synthesized from serine and palmitoyl-CoA, and sphingomyelin (SM) is synthesized from ceramide and phosphatidylcholine by SM synthase. The incorporation of 14 C-serine into ceramide at 40°C after 24 h also significantly increased to 145%, but there was no significant increase in SM.
Changes in ceramide monohexosides and other glycolipids under heat stress Ceramide is a precursor of both GlcCer and GalCer, which are further glycosylated or modified to produce more complex glycolipids such as lactosylceramide (LacCer) and sulfatide 711 Cells were cultured for 7 and 24 h, and ceramide content was determined as described in the Materials and methods section. Ceramide content (μg/mg protein) is presented as the mean ± SDs of triplicate samples. The ceramide and sphingomyelin radioactivities (dpm/mg protein) after 14 C-serine incorporation for 24 h are presented as the mean ± SDs of triplicate samples. *P < 0.05, significantly different from control culture. To investigate the effect of heat stress on glycolipid metabolism, MDCK cells were cultured at 37°C and 42°C for 20 h. A neutral glycolipid fraction was prepared from the total glycolipid fraction by DEAE-Sephadex column chromatography and was used for the separation of GlcCer and GalCer by 2D thin-layer chromatography (TLC) and the detection by orcinol reagent ( Figure 1A and B). The faster and slower moving spots moved in combination in the two solvent systems, chloroform/methanol/water (60:25:4, v/v) and 2-propanol/ammonia/methylacetate/water (15:2:1:3, v/v), and were identified as GlcCer and GalCer, respectively, compared with their authentic samples ( Figure 1A ). LacCer, a longer sugar chain neutral glycolipid, was also identified on the same TLC. GlcCer, GalCer and LacCer accumulated more abundantly in the culture at 42°C than at 37°C. The incorporation of 14 C-glucose into neutral glycolipids was also investigated with radio imaging analysis (Figure 1C and D) and increased at 42°C significantly to 290% in GalCer, 143% in GlcCer and 151% in LacCer as compared with that at 37°C (Table II). 14 C-Glucose incorporation into acidic glycolipids at 42°C was analyzed by TLC using the chloroform/methanol/acetone/ acetic acid/water (8:2:4:2:1, v/v) solvent system, and there was a significant reduction to 21% in the major sulfoglycolipid SM4s and 43% in the major ganglioside GM3 (Table II) . The effect of heat stress at 42°C on monohexosylceramide degradation was further investigated. Under heat stress, GlcCer degradation was significantly delayed to 60%, whereas GalCer degradation was significantly accelerated to 130% as shown in the chase experiment (Table III) . These results show that heat stress induced MDCK cells to accumulate GlcCer and reduce GalCer.
In order to investigate the effect of heat stress on glucose transport, [ 14 C(U)]-2-fluoro-2-deoxy-D-glucose (18.5 kBq/ml) was incorporated into cells for 20 h. The incorporation was 740,000 ± 70,200 dpm/mg protein (n = 5) (100 ± 9.5%) at 37°C and 296,500 ± 42,100 dpm/mg protein (n = 5) (40 ± 5.7%) at 42°C. This suggests that the activated glycosylation in neutral glycosphingolipids syntheses is specific for heat stress but not caused by the activation of glucose transport.
Effect of heat stress on 35 S-sulfate incorporation into sulfolipids The effect of heat stress at 40°C and 42°C on sulfolipid synthesis was investigated using 35 S-sulfate incorporation. Two SM4s bands were significantly suppressed to 82% in the upper band and 76% in the lower band by a 40°C heat stress for 20 h and were markedly suppressed to 4% in each band by a 42°C heat stress (Table IV) . SM3 (LacCer II 3 -sulfate) was also significantly suppressed to 29% at 42°C, but the temperature dependency was less prominent than that of SM4s. In contrast, sulfation in cholesterol sulfate was increased to 135% at 40°C and reduced to 74% at 42°C. These results show different GST and cholesterol sulfotransferase sensitivities at 40°C.
The effect of heat stress on the degradation of these sulfolipids was also investigated. Total radioactivities in the chase experiment at 40°C for 24 h after 35 S-sulfate pulse labeling did not show a significant difference from the chase data at 37°C. The radioactivity of each sulfolipid in the chase at 40°C analyzed by TLC were not significantly different from those at 37°C (Table V) , indicating that the degradation of these sulfolipids was not affected by heat stress.
Changes in the glycosyltransferase and sulfotransferase genes under heat stress Among the glycolipid glycosyltransferases and their related enzymes, the gene expression of GalT, GluT and GST were C-glucose (37 kBq/ml) for 20 h. Lipids were extracted and analyzed as described in the Materials and methods section. Values (dpm/mg protein) are presented as means ± SDs of triplicate samples (%). *P < 0.05, significantly different from control (37°C). For the pulse-chase experiment, cells were labeled with 14 C(U)-glucose (29.6 kBq/ml) in normal medium for 48 h and then transferred to the indicated conditions. Lipids were extracted and analyzed as described in the Materials and methods section. Values (dpm/mg protein) are presented as means ± SDs of triplicate samples. Degradation was calculated as the difference from the pulse value. *P < 0.05, significantly different from control chase (37°C). S-sulfate (74 kBq/ml) for 24 h. The sulfated lipids were extracted and analyzed as described in the Materials and methods section. CHS, cholesterol sulfate. Values (dpm/mg protein) are presented as means ± SDs of triplicate samples. *P < 0.05, significantly different from control (37°C). investigated in MDCK cells by northern blot analysis using dog glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene as an internal standard (Figure 2) .
After a 24-h cell culture under a 42°C heat stress, GluT, GalT and GST gene transcripts significantly increased to 714%, 221% and 174%, respectively. The increase in GluT and GalT gene expression under heat stress coincided with the increase in 14 C-glucose incorporation into both GlcCer and GalCer. However, the increase in the GST gene transcript did not account for the decreased incorporation of 14 C-glucose and 35 S-sulfate into the sulfoglycolipids SM4s and SM3. We also investigated the effect of heat stress on COS7 cells, which were derived from green monkey kidney. GalT, GluT and GST gene transcripts were monitored by northern blot analysis using the monkey GAPDH gene as an internal standard. GalT, GluT and GST genes of COS7 cells were activated to 133%, 142% and 148%, respectively, at 42°C for 17 h. These effects in COS7 cells were less than those in MDCK cells.
Temperature-sensitive lipid sulfation in a short time in cellulo Lipid sulfation temperature sensitivity was also investigated at temperatures lower and higher than 37°C using 35 S-sulfate labeling for 2 h. The SM4s sulfation showed a maximum value at 37°C but was significantly reduced to 66% at 32°C and 82% at 40°C, whereas cholesterol sulfate gradually increased from 32°C to 40°C (Figure 3) .
The possibility of reduced 3′-phosphoadenosine-5′-phosphosulfate (PAPS) as a sulfotransferase substrate in SM4s synthesis at 40°C was ruled out because cholesterol sulfate synthesis using PAPS as a substrate was elevated under the same condition. SM4s sulfation was reduced under heat stress, although the gene transcript was elevated. The reason for the reduced sulfation in SM4s may have been due to thermo-sensitivity of GST.
Effect of HSP70 gene transfection on glycolipid metabolism in kidney cells
Heat shock-induced HSPs regulate the expression of other cellular enzymes by acting as chaperones. We attempted to create a dog HSP70 gene construct (pCDM-dHSP70) with the pCDM8 expression vector as described in the Materials and methods section. After transfection of the plasmid to both MDCK and COS7 cells, the cells were cultured with 14 C-glucose to investigate its incorporation into glycolipids. We analyzed the effects of the transfected plasmid on GlcCer, GalCer and LacCer synthesis in the early steps of glycolipid metabolism. Compared with a mock vector plasmid transfec-713 S-sulfate (814 kBq/ml) for 2 h at the indicated temperatures. Sulfated lipids were prepared and analyzed as described in the Materials and methods section. CHS, cholesterol sulfate. *P < 0.05, significantly different from control (37°C).
tion, HSP70 gene transfection in MDCK cells significantly increased GlcCer and LacCer synthesis to 205% and 156%, respectively, but did not affect GalCer synthesis ( Figure 4A ).
GlcCer and trihexosylceramide significantly increased in transfected COS7 cells to 149% and 155%, respectively ( Figure 4B ). GalCer was detected at a very low level in this cell line, and LacCer was not affected by the transfection.
Discussion
We found that ceramide, a GalCer and GlcCer precursor, increased in the hypertonic condition and decreased in the hypotonic condition and that the GalT and GST genes in MDCK cells were activated by hyperosmotic stress to increase GalCer and sulfated glycosphingolipids, SM4s and SM3 (Niimura and Ishizuka 1986 , 1990 Niimura and Nagai 2008) . A large number of extracellular signals elevate intracellular ceramide levels and induce apoptosis. These include heat shock, ionizing radiation, oxidative stress, progesterone, vitamin D3, tumor necrosis factor-α, interleukin (IL)-1a, IL-1b, interferon-γ, Fas ligand, fenretinide, oxidized low density lipoprotein and nitric oxide (Okazaki et al. 1989; Mathias, et al. 1998; Jenkins et al. 2002; Jenkins 2003; Gulbins and Li 2006; Lahiri and Futerman 2007) . It is generally agreed that intracellular ceramide levels are elevated as a result of either de novo synthesis (Bose et al. 1995; Jiang et al. 2004) or SM hydrolysis by acid sphingomyelinase (Gulbins and Kolesnick 2002) or neutral sphingomyelinase (Andrieu-Abadie and Levade 2002) . In the present study, ceramide increased in kidney cells in response to heat stress, and GalCer and GlcCer synthesis were also increased upon heat stress based on increases in GalT and GluT mRNAs, respectively. We think that the increased transcripts consequently exceed their enzyme activities even if their enzymes are labile to heat stress. We also observed that the glucose transport in MDCK cells was reduced to 40% under heat stress, suggesting that the increase of GalCer and GlcCer synthesis was not caused by the enhanced glucose transport. Furthermore, there was an increase in the LacCer synthesized from GlcCer. The retarded GlcCer degradation suggested GlcCer accumulation. The accumulation of GalCer may have been due to the decrease in SM4s synthesis. Although higher GST gene levels were expressed under heat stress, SM4s synthesis decreased, which may have been due to an increased sensitivity of GST to a temperature higher than 37°C. Nagai et al. have recently reported GST activity in seminiferous tubules and kidney homogenates decreased in a temperature-dependent manner, although the renal activity was more heat-stable than the seminiferous tubule activity (Nagai et al. 2010 ). Since sulfoglycolipids such as SM4s and SM3 seem to play a significant role to osmoregulation in kidney cells (Niimura and Nagai 2008) , down-regulation of sulfoglycolipid syntheses by long-term heat stress to kidney may give a severe damage in renal transport. The activation of both GluT and GalT genes under heat stress increased both GlcCer and GalCer and decreased ceramide content to escape from cell apoptosis. This enhanced glycolipid synthesis in response to some stresses may be referred to as "ceramide scavenger regulation" for cell survival. During osmotic stress, this "ceramide scavenger regulation" is observed as an increase in GalCer (Niimura and Nagai 2008) . When B16 melanoma cells are treated with bacterial sphingomyelinase, ceramide content is elevated, and GluT activity and sphingoglycolipid synthesis are upregulated (Komori et al. 1999 ). GlcCer synthesis is also upregulated in keratinocytes as a protective mechanism against ceramide-induced stress (Uchida et al. 2002) .
Recent studies have documented the important roles of stress proteins in renal cell survival and matrix remodeling in a number of acute and chronic renal diseases (Kelly 2005; Razzaque and Taguchi 2005) . We investigated the involvement of the HSP70 on sphingoglycolipid metabolism and showed the activation of GlcCer synthesis in HSP70 gene-transfected cells. Dokladny et al. reported that MDCK cells did not express HSP70 in the normal culture at 37°C but expressed the protein in the culture at 42°C
, whereas both HSP90 and HSC70 protein expression remained unaffected by the heat conditioning (Dokladny et al. 2006). HSP70 protein is considered to be induced when the cells were challenged to heat stress. The similar expression of HSP70 by heat stress will also occur in COS7 cells. Therefore, in our study the effect of the endogenous HSP70 on the glycosphingolipid synthesis seems to be negligible in both MDCK and COS7 cells. We think that HSP70 participates in the regulation of GlcCer synthesis but not in the regulation of GalCer synthesis. Up-regulation of GlcCer synthesis in both gene-transfected MDCK and COS7 cells may consequently increase the longer sugar chain glycolipids such as LacCer or trihexosylceramide. Up-regulation of GalT transcript under heat stress in both cells may be caused by the other mechanism which is independent of HSP70. HSP70 contains a specific sulfogalactolipid binding site (Mamelak et al. 2001; Whetstone and Lingwood 2003) , and the development of thermotolerance is associated with increased levels of HSPs (Buzzard et al. 1998) . Heat-induced cell death is correlated with the activation of stress-activated protein kinase (SAPK/JNK). Activation of SAPK/JNK is strongly inhibited in cells in which HSP70 is induced to a high level, indicating that HSP70 is able to block apoptosis by inhibiting signaling events upstream of SAPK/JNK activation (Buzzard et al. 1998 ). The ceramide-induced SAPK/JNK activation is impaired in cells overexpressing HSP70. These data strongly suggest that HSP70 functions as a regulator of apoptosis downstream of ceramide (Ahn et al. 1999) . In the present study, HSP70 activated GlcCer synthesis, suggesting that GluT expression was regulated without mediating SAPK/JNK activation in kidney cells. Ceramide must be transported from the endoplasmic reticulum (ER) to the Golgi complex where it is glucosylated on the cytosolic surface of the Golgi compartment (Futerman and Pagano 1991; Jeckel et al. 1992; Hanada et al. 2003; Wattenberg et al. 2006 ), whereas ceramide is glycosylated to GalCer at the ER lumenal leaflet by the transfer of galactose from a UDP-galactose donor (Sprong et al. 1998) . GlcCer is known to be preferentially transported to the apical cell surface, whereas both GalCer and SM4s accumulate at the basolateral cell surface of MDCK cells (Nichols et al. 1988; van der Bijl et al. 1996) . Changes in the composition of these glycolipids as shown in down-regulation of SM4s under heat stress may affect the epithelial permeability in membrane-polarized cells. We do not know the precise mechanism of activation of GluT gene by HSP70. HSP70 expressed in transfected cells may probably be transported to the nucleus and activate the transcription level of GluT as a transcription factor rather than a molecular chaperone. We think that the up-regulation of GlcCer under heat stress or HSP70 expression is significant for the reduction of ceramide level contributing to thermotolerance. The mechanism of GlcCer synthesis up-regulation by HSP70 should be elucidated in the future.
Materials and methods
Cell culture MDCK P3 (JCRB0717) cells and COS7 cells were obtained from the JCRB Cell Bank (Tokyo) and were cultured in Dulbecco's modified Eagle's medium (Nissui, Tokyo) containing 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA) (Niimura and Ishizuka 1990) . Heat stress was introduced at 40°C and/or 42°C. In plasmid transfection to cells, Opti-MEM (Invitrogen) was used.
Standards and reagents Glycolipids (GlcCer, LacCer) and sulfoglycolipids (SM4s and SM3) obtained from vertebrate kidneys in our laboratory were used as standards. Cholesterol sulfate and GalCer (bovine brain) were purchased from Sigma-Aldrich Co. (St. Louis, MO). The protein content was determined by Quick Start Bradford Dye Reagent (Bio-Rad, Hercules, CA). TLC was performed on Silica Gel 60 HPTLC plates (E. Merck, Darmstadt, Germany). Orcinol reagent was used for the detection of glycolipids.
Ceramide measurement Ceramide was determined as described previously using Escherichia coli diacylglycerol kinase, which phosphorylates ceramide to ceramide-1-phosphate (Niimura and Nagai 2008) . The solvent system used to separate ceramide-1-phosphate and phosphatidic acid by TLC consists of chloroform/ acetone/methanol/acetic acid/water (10:4:3:2:1, v/v). Radioactivity within spots of ceramide-1-phosphate was estimated with an imaging analyzer system. Standard ceramide from the bovine brain was purchased from Funakoshi Co. (Tokyo, Japan).
Metabolic labeling of ceramide, glycolipids and sulfolipids 14 C(U)-L-Serine(MoravekBiochemicals,Brea,CA,24.7kBq/ml) was incorporated into ceramide for 24 h under various conditions. In the chase experiment, 14 C(U)-serine (24.7 kBq/ml) was incorporated into cells for 24 h under the normal medium, and then the medium was transferred to the directed conditions. The lipids were extracted as above and then partitioned with Folch solvent system containing 0.88% KCl. The aliquot of the lower phase was analyzed by TLC using stepwise development with two solvents: the first development was with chloroform/methanol/ammonia (65:35:7.5, v/v) up to 60% of the top, and the second was with chloroform/methanol/acetic acid (9:1:1, v/v) up to the top of plate. After TLC, an imaging analyzer (BAS-1500, Fuji film, Tokyo, Japan) was used to determine the radioactivity incorporated into lipids. Ceramide and SM (Sigma) used as standards for TLC were detected by spraying Primuline reagent. Labeling with 14 C(U)-D-glucose (Moravek Biochemicals, 29.6 kBq/ml) was performed in directed condition. Cells were cultured for 20 h with 14 C-glucose (37 kBq/ml). For the pulse-chase experiment, the cells were labeled with 14 C(U)-glucose (29.6 kBq/ml) in normal medium for 48 h and were then transferred to directed conditions. After the lipid was extracted twice with chloroform/methanol (2:1 and 1:2) and was treated with alkaline methanol, the neutral glycolipid fraction was obtained using a DEAE-Sephadex A-25 column. Neutral glycolipids were two-dimensionally developed on HPTLC plates using chloroform/methanol/water (60:25:4, v/v) and 2-propanol/ammonium hydroxide/methyl acetate/water (15:2:1:3, v/v). Acidic glycolipids eluted from the above column were analyzed by TLC using the solvent chloroform/methanol/ acetone/acetic acid/water (8:2:4:2:1). Cells were labeled with 35 S-sodium sulfate (American Radiolabeled Chemicals, St. Louis, MO, 74 kBq/ml) for 24 h. Sulfoglycolipids were prepared by chloroform/methanol extraction, mild alkali treatment, DEAE-Sephadex A-25 column chromatography and TLC as described previously (Niimura and Ishizuka 2006) . SM4s and SM3 have been identified in MDCK cells and reported in the previous works Ishizuka 1986, 1990) . [ 14 C(U)]-2-Fluoro-2-deoxy-D-glucose (American Radiolabeled Chemicals Inc, 18.5 kBq/ml Dulbecco's modified Eagle's medium (D-MEM)) was used for the incorporation into MDCK cells for 20 h. The cells were washed with phosphatebuffered saline, then were dissolved with 1 N NaOH and heating at 80°C. After neutralization with 1 N acetic acid, an aliquot was assayed for radioactivity and protein.
Northern blot analysis Total RNA was isolated from cells using an RNA isolation kit (TRIzol reagent, Invitrogen) according to the manufacturer's instructions. Ten micrograms of total RNA from cells was run in each lane, electrophoresed on a 1.0%-agarose gel containing 0.68 M formaldehyde and transferred to Hybond-XL membrane (Amersham Biosciences, UK), then crosslinked by UV and subjected to hybridization. Dog and monkey cDNA fragments of GalT, GluT and GST genes were used as probes. The cDNA fragment was labeled with 32 P-dCTP using a Megaprime DNA labeling kit (Amersham Biosciences). Hybridization was performed at 53°C in Rapid-hyb buffer (Amersham Biosciences) according to the manufacturer's recommendations, and the messages were scanned on a BAS1500 bio-imaging analyzer. Data are presented as mean ± SDs of triplicate samples.
Probes Dog cDNA probes were described previously (Niimura and Nagai 2008) . DNA probes for monkey cells were prepared from the One Step reverse transcriptase polymerase chain reaction (RT-PCR) amplification kit (Funakoshi) using primer sets as follows: GST (sense, 5′-tcgactacccgaccttcttc-3′; antisense, 5′-gtggaaggaggactcgaaca-3′; probe size, 182 bp), GalT (sense, 5′-ggccaccatacagtgttcct-3′; antisense, 5′-gttgccaaccatcatgtcac-3′; probe size, 216 bp), GluT (sense, 5′-caatgcaaaactctggctca-3′; antisense, 5′-ggacacccctgagttgaatg-3′; probe size, 243 bp) and GAPDH (sense, 5′-caccaccatggagaaggctgg-3′; antisense, 5′-ggcagtgatggcatggactgtg-3′; probe size, 244 bp).
Construction of dog HSP70 gene into plasmid vector and gene transfection DNA fragment (2001 bp) that contains the open reading frame of dog HSP70 gene was amplified using the RT-PCR kit with a primer set (sense, 5′-ctttcggaaacctgaacgtg-3′; antisense, 5′-caggaacaatctggggaaga-3′) and total RNA of MDCK cells as a template. The DNA fragment was extended by pre-mix PCR (iNtRON Biotechnology, Korea) using a primer set (sense, 5′-cgtaagcttctttcggaaacctgaacgtg-3′; antisense, 5′-tagcggccgccaggaacaatctggggaaga-3′). After this fragment was treated with the restriction enzymes of Hind III (Toyobo, Tokyo) and Not I (Toyobo), the digested fragment (2020 bp) containing both Hind III-and Not I-site was ligated by T4 DNA ligase (Invitrogen) with pCDM8 vector which was pretreated with both Hind III and Not I. This plasmid was transfected to E. coli (MC1061/P3, Invitrogen), and the positive clone (pCDM-dHSP70) resistant to tetracycline (Sigma) and ampicillin (Sigma) was selected on a Luria-Bertani agar plate. In transfection of pCDM-dHSP70 plasmid to MDCK and COS7 cells, Lipofectamine 2000 (Invitrogen) was used according to the instruction manual. pCDM8 vector was used in mock transfection. After cells (10 6 /dish in 6 cm diameter) were plated, the mixture (500 μl Opti-MEM) containing plasmid DNA (4 μg) and Lipofectoamine 2000 (10 μl) was added and cultured for 5 h. The cells were further cultured for 48 h in the fresh D-MEM and 10% FBS, then labeled with 14 C-glucose (37 kBq/ml) for 20 h. Lipids were extracted and analyzed as mentioned above.
Statistical analysis
Statistical significance was evaluated without using one-way ANOVA by unpaired t tests as applicable; P < 0.05 was considered statistically significant.
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